Cross sections for the reactions Mn(n, p), Fe(n, p), and Ni(n, p) 
I. INTRODUCTION
The isovector response of nuclei may be studied using the nucleon charge-exchange reactions (p, n) or (n, p), as well as by a number of other reactions such as ( He, t), (d, He), or heavy ion reactions. Studies of the energy dependence of the (p, n) reaction [1, 2] have shown that at incident energies of 200 to 300 MeV the spin-Hip part of the isovector effective interaction is much stronger than the non-spin-Hip part, so that these reactions provide a convenient probe of the spin-isospin response of nuclei, provided the effective interaction is known.
At forward angles and low excitation in the Anal nucleus, the momentum transfer is small with the result that the reaction cross section is dominated by GamowTeller (GT) transitions with AL = 0, 6J = 1+. It has been shown that for (p, n) and (n, p) reactions the 0' cross sections for such transitions are proportional to the squares of the matrix element for the GT P decay between the same states [3 -5] , at least for strong transitions, so that measurements of the reaction cross section can be analyzed to provide a quantitative determination of GT strength distribution in beta decay.
There has been extensive interest in the determination of the distribution of the isospin-raising strength, GT+, for nuclei in the iron-nickel region in connection with the problem of supernova formation [6 -8] . In the evolution of a massive star, following depletion of sources of fusion energy in the core, the core becomes unstable to catastrophic collapse. In calculating the onset of collapse and possible supernova formation, an essential ingredient is the electron capture cross section for the nuclei in the mass region around A = 56 which make up the stellar core. This cross section is proportional to the GT+ strengths of the core nuclei, which are determined in the present measurements.
Bethe et al. [6] were the first to appreciate the importance of GT+ strength in this problem, and thus to realize that electron capture might proceed much more rapidly than had been previously estimated. The experimental results are important not only for the direct determination of GT+ strength distributions of stable nuclei, but as a calibration of the model calculations which must be used to estimate strength distributions for unstable nuclei, or for excited states of the target.
Measurements of GT+ strength distributions for several (fp) shell nuclei have been carried out at TRI-UMF [9 -13] and the present work represents an extension of those earlier results. In addition, measurements of the 4 s Fe (n, p) cross section have been reported at a beam energy of 97 MeV [14] . A related study of the Fe( C, N) reaction at an energy E/A = 70 MeV has also been reported [15] .
II. EXPER.IMENTAL MEASUREMENTS
Measurements were carried out using the TRIUMF charge-exchange facility in the (n, p) mode, which is shown schematically in Fig. l The cross sections of the (n, p) reactions reported in this work were determined from the measurement of counting rates relative to that from the H(n, p) peak originating &om the CH2 target in each target stack. The cross section for the latter reaction was calculated from a phase shift analysis of n-p scattering data using the program sAID (SM 90) [19] .
A typical raw spectrum for the reaction " Fe(n, p) at an MRS angle of 0' is shown in Fig. 2(a) . The peak at the left of the spectrum arises from hydrogen in the Mylar foils of the wire chamber planes of the target box, and possibly from hydrogenous material absorbed on surfaces in the target box. The background spectrum was assumed to be satisfactorily represented by the spectrum from the CH2 target, and was normalized to the hydrogen peak for background subtraction. The spectrum after background subtraction is shown in Fig. 2b , and is seen to be almost unchanged by the subtraction except for the hydrogen peak itself. "Mn(n, p)
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After background subtraction, spectra were corrected for variation of MRS acceptance with focal plane position, and a deconvolution was carried out to correct for the eKect of the weak continuum in the primary neutron spectrum from the Li(p, n) reaction. This procedure is described in some detail in Ref. [9] . Finally the data were summed in bins of 1 MeV width to reduce the statistical Huctuations seen in the raw data as in Fig. 2 . Final spectra for each target at MRS angles of 0 and 6 are shown in Fig. 3 . For each target the 0' spectrum shows a strong peak at low excitation, indicating the presence of GT+ transition strength in this region of excitation.
As noted earlier, the natural iron targets contained about 6% of s4Fe which contributes up to 10% of the measured count rate at low excitation in the 0' spectrum. 
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would not introduce significant uncertainty in the determination of GT+ transition strength from the data.
As in previous work, the measured spectra were analyzed using a multipole analysis procedure [20] to extract the cross section for GT transitions. In this approach it is assumed that the measured cross section can be represented as an incoherent sum of cross sections for transitions with diferent spin and parity transfers ""' = ):~» -~~w(» ).
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In principle, the sum should run over all allowed spin and parity transfers consistent with the properties of the initial and 6nal states, with the coefBcients C~J determined by a least-squares 6t to the data. In Fig. 4 for Mn(n, p), Fig. 5 for Fe(n, p), and Fig. 6 for ssNi(~, p). [28] by fitting data for the mass region 41 & A ) 66 . In order to judge the sensitivity of the results to the choice of effective interaction, calculations were also carried out in the same vector space using an effective interaction which has been employed extensively in earlier calculations [29] . The total strengths were nearly equal in the two calculations, and the distribution of strengths with excitation energy were very similar except that the average excitation energy was about 0. strength lies at excitation energies above 8. This restriction was also made in Ref. [13] , and its use here permits a direct comparison between the present results and those of Ref. [13] .
With this restriction, the calculated strength was normalized to the measured strength up to 8. The higher-order in-shell correlations are the most difficult to calculate, but the combined eKect of the RPA and higher-order correlations was estimated [30] to result in a reduction factor of about 0.62. The combined effect of the in-shell (i) and (ii) and out-of-shell correlations (iii) is thus to give a reduction of about 0.37, which is in qualitative agreement with the values we observed experimentally.
But more quantitatively, these results must be nucleus dependent and further calculations are necessary.
The in-shell correlations have been calculated exactly with the Monte Carlo shell-model method [32] and give a reduction factor of 0.37, which is much smaller than the estimate of Auerbach et aL However, this result is most sensitive to the f7/2 fs/2 she-ll gap, and it will be important to check whether or not the interaction used in [32] 
